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Abstract�This paper presents a power-ef�cient Ultra Low
Voltage (ULV) Fully-Differential (FD) Digital-Based Operational
Transconductance Ampli�er for Biomedical signal processing
(BioDIGOTA), which digitally processes biological analog signals
using CMOS standard-cells. Post-layout simulations, including
parasitic effects in 180nm CMOS technology, show that BioDIG-
OTA consumes only 144 nW at 300 mV of supply voltage while
driving a 20 pF capacitive load, with a power ef�ciency factor
(PEF) lower than 1. The layout occupies 0.03 mm2 total silicon
area, excluding I/0 pads. The proposed BioDIGOTA proves that
digital-based analog design can be adopted in biomedical signal
ampli�ers, lowering the total silicon area by 2.3X times compared
to the current state of the art landscape while keeping reasonable
power and system performance.

Index Terms�Ultra-Low Voltage (ULV), Operational
Transconductance Ampli�er (OTA), Digital-Based Circuit,
Internet of Things (IoT).

I. INTRODUCTION

WEARABLE and implantable electronics are nowadays
a well-established research �eld and a thriving in-

dustrial technology [1�3] and Body Dust, which refers to
envisioned drinkable, autonomous bio-electronic circuits with
dimensions suitable to be internalized into the human body to
sense and transmit clinical pieces of information, is emerging
as the new frontier of electronics for biomedical applications
[4], [5].

Body Dust applications, however, raise a stringent trade-
off between system performance, such as signal-to-noise ratio
and signal integrity, and the IC power/area, as required to
meet the tight miniaturization requirements and to operate
under the sub-µW power range, which can be collected by
micrometer-scale electromagnetic or ultrasound harvesters.
These constraints are hard to be achieved by analog and mixed
signal circuit design techniques at the state of the art [6�13].
For instance, Body Dust ICs for temperature [14], pH [15] and
drugs/biomarkers concentration [16] monitoring applications
demand sub-0:1mm3 silicon volume, which constrains the
available harvested power accordingly (state-of-the-art energy
harvesters offering 7:4µW=cm3 power density [17] translate to
sub-nW power for 0.1 mm3 silicon volume).

Aiming to energy-autonomous operation and low area, a
power supply voltage VDD in the near-threshold region, close
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Fig. 1. Power vs Area reduction for ADCs [23], DACs [24], OTAs [25],
[28], voltage reference [26] and oscillators [27]. comparing traditional analog
and digital-based approach
to the minimum energy point [18], is adopted in digital circuits
to boost the energy ef�ciency, and energy-quality scaling [19]
is leveraged to save power whenever full performance is not
needed. The low-power techniques adopted in digital designs,
however, do not apply to analog interfaces in advanced nodes
[20], which are indeed the bottleneck in terms of power, cost
and performance [21], [22].

Given this limitation, there has been a fast-growing research
interest towards the implementation of traditionally analog
blocks, like ADCs [23], DACs [24], OTAs [25], voltage ref-
erences [26] and oscillators [27], by low-cost CMOS digital-
based replacements. Those solutions achieve relevant power
savings and area reduction compared to traditional analog
solutions with similar performance, as shown in Fig. 1 [22],
what makes them potential candidates to meet the require-
ments of Body Dust applications. In addition to that, digital-
based analog circuits, unlike traditional ones, take advantage
of scaling and of the bene�ts of a digital design �ow.

Aiming to approach the Body Dust requirements, the DIG-
OTA approach presented in [25] is proposed in this paper
for the �rst time for biomedical signal ampli�cation, to take
advantage of the power and area reductions of digital-based
analog design.

The paper is organized as follows: in section II, the DIG-
OTA circuit operation is brie�y reviewed, and the new fully
differential BioDIGOTA circuit is presented, along with design
guidelines for power and noise reduction. In section III the
performance of the proposed BioDIGOTA is tested by post-
layout computer simulations, and it is compared with state of












